coli harboring equal amounts of cytoplasmic GFP-ACPK were labeled with alk-4-DMN via BTTAA-assisted CuAAC reaction for 1 h at different Cu(I) concentrations, and the cell lysate were subjected to SDS-PAGE analysis. The result indicated that 100 μM Cu(I) would be sufficient for in vivo protein labeling.
Supplementary Methods
General materials. Bacterial cells were grown in LB (Luria-Bertani) broth or on LB agar medium (OXOID.LTD.). Reactive oxygen species assay kit C1300 (DCFH-DA) was purchased from Applygen Technologies Inc. All pictures of protein gels including coomassie stained SDS-PAGE gel, fluorescent dye labeled SDS-PAGE gel were taken on ChemDoc XRS+ (Bio-Rad). Fluorescence spectra were recorded at 25 °C on a Hitachi F4500 fluorescence spectrophotometer equipped with a LPS-220B 75-W xenon lamp and power supply. Samples were loaded onto a 10 mm × 2 mm quartz cuvette (120 μL volume, Hellma, Germany) for fluorescence measurements. Voltammetric measurements were carried out with CHI-660D electrochemical workstation (ShangHai ChenHua).
Inductively coupled plasma atomic emission spectroscopy (ICP-AES) was conducted with Leeman Labs PROFILE spectrometer, data was analyzed using OriginPro 8 software.
Sodium phosphate buffer solution (PBS): 150 mM NaCl, 10mM Na 2 HPO 4 , pH 7.4; pH calibration buffer was prepared before use: 150 mM NaCl, ±20 mM sodium benzoate, adjusted to different pH using 1 M NaOH or 1 M HCl in water. pH 3 citrate buffer: 150 mM NaCl, 10 mM citrate, adjusted to pH 3 before use. Gastric acid simulation buffer: 3.2 g/L pepsin, 2g/L NaCl, adjusted to pH 3 before use.
Copper complexes were prepared as stock of 10 mM CuSO 4 in water, CuSO 4 :Ligand = 1:2;
Uptake of Cu(I) complex in E.coli cells measured by ICP-AES. The E. coli DH10B strain cells were grown in fresh LB medium with shaking overnight at 37 °C, then cells were collected, washed with PBS once and diluted to PBS buffer (OD 600 =0.6). 10 mL of the cells were incubated with 100 μM Cu(I)-ligand complex (2 mM sodium ascorbate) at room temperature for 1 h. Cells were collected and washed with PBS (containing 1 mM EDTA), divided into two parts, one was collected as the whole cell fraction and the other was prepared to isolate the cytoplasmic spheroplast, both parts were freeze-dried and accurately weighed. To each of the fractions, 3 mL of concentrated HNO 3 was added and the samples were digested. Then ddH 2 O was added to a total volume of 10 mL to dilute the acidic samples, no visible debris was found in the solution. The samples were then submitted to ICP-AES to determine the copper content.
Growth curve of Cu(I)-treated E. coli cells 4 . The E. coli DH10B strain cells (containing pSupAR-Mb-ACPK-RS plasmid and pBAD-GFP-149TAG plasmid) were grown in fresh LB medium containing ampicillin (50 µg mL -1 ) and chloramphenicol (35 µg mL -1 ) with shaking overnight at 37 °C. Cells were then spun down, washed with PBS twice, diluted to PBS to an OD 600 = 0.6, and 0.5 mL of the cells were incubated for 1 hr at room temperature with different ligands chelated copper (100 μM CuSO 4 , 2 mM sodium ascorbate). Cells were then diluted 1:30 into 100 μL fresh LB medium containing ampicillin (20 µg mL -1 ) and chloramphenicol (15 µg mL -1 ) in a 96-well round-bottomed culture plate, shaken at 37 °C, OD 600 was measured every 10 min for a 4 h period by using a Synergy Hybrid plate reader.
Plate sensitivity assay of Cu(I)-treated E. coli cells 5 . The Cu(I)-ligands treated (100 μM CuSO 4 + 200 μM ligands, 2 mM sodium ascorbate, incubation at room temperature for 1 h) E.coli cells were then collected and resuspended in fresh LB, the number of bacterial cells from each bacterial sample was normalized to approximately 8×10 7 CFU ml -1 with fresh LB, followed by five 10-fold serial dilutions. Then 4 μl of each bacterial sample (from 10 -3 to 10 -5 dilutions) were spotted onto the LB agar plates containing ampicillin (20 µg mL -1 ) and chloramphenicol (15 µg mL -1 ). All plates were incubated at 37 °C for 12 h before being read with ChemDoc XRS+ (Bio-Rad).
Flow cytometric analysis of Cu(I) toxicity by trypan blue staining 6 . E. coli cells expressing
HdeA-58-ACPK were collected by centrifugation (3000 rpm, 10min, 4 o C) and resuspended in PBS buffer. Cells were centrifuged two more times to remove the LB media and excess ACPK unnatural amino acids. Cells were diluted with PBS buffer to give an OD 600 = 0.6. 0.5 ml of the cells was incubated for 1 hr at room temperature with different kinds of Cu(I)-ligands (100 μM CuSO 4 , 2.5 mM ascorbate) or ascorbate only. The cells were then collected by centrifugation (4 o C, 10 min, 4000 rpm) and resuspended in PBS buffer (1 mL), repeated four times to remove copper and ligands. Cells were then stained with trypan blue (2 μL, 0.4% in water) and incubated at room temperature for 15 min. The cells were washed with PBS three times and analyzed by flow cytometry, 50,000 events were collected in each experiment. The dead sample of cells was prepared by fixing in 75% ethanol and stained in the same way. Live cells were detected with an FL-3 intensity of 10 0 -10 1 and dead cells were observed between 10 1 -10 2 . Data analysis was performed with CellQuest Pro software (BD Biosciences).
Membrane potential measurement. Membrane potential (ΔΨ) was measured by using Bac Light TM Bacterial Membrane Potential Kit (Invitrogen, Life Technology). E. coli cells were grown in LB medium until the logarithmic phase before being harvested by centrifugation (4000 rpm, 5 min) and washed once with PBS buffer. The outer membrane of the cells was disrupted by treatment with EDTA based on the previous protocol 7 , with the following modifications: the cells
